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GROWTH METHOD OF NITRIDE SEMICONDUCTOR EPITAXIAL LAYERS 

[Technical Field] 

The present invention relates to a method for growing a nitride 
5 semiconductor epitaxial layer, and more particularly, to a method for growing a 
nitride semiconductor epitaxial layer in which a substrate is used and which has 
no warpage and a low lattice defect density, whereby it is advantageous in 
fabricating optical devices and electronic devices of high efficiency. 

10 [Background Art] 

In case of a nitride semiconductor epitaxial layer that is grown on a 
substrate, lots of crystal defects occur due to a mismatch of the lattice constant 
and a difference in the coefficient of thermal expansion. Warpage of the 
substrate is caused by internal stress. Moreover, the warpage of the 

15 substrate acts as hindrance in fabricating a large area substrate. 

In order to overcome such mismatch between the substrate and the 
nitride semiconductor epitaxial layer, U.S. Patent No. 4,855,249 discloses a 
technology in which an AIN buffer layer is grown on a sapphire substrate at low 
temperature and an Al x Ga Vx N (0<x<1) layer is then grown. Further, U.S. 
2 0 Patent No. 5,290,393 discloses a technology in which an AI Vx Ga x N (0<x<1) 
buffer layer is grown on a sapphire substrate at a temperature ranging between 
200°C and 900°C and an Ah- x Ga x N (0<x<1) layer is then grown at a 
temperature ranging between 900 °C and 1150°C. 

l 



PCT/KR2004/001665 



10 



§ 8 JAN 2006 



WO 2005/0042 1 2 PCT/KR2004/00 1 665 



Furthermore, U.S. Patent No. 6,051,847 discloses a technology in 
which in a process wherein a buffer layer containing indium is grown on a 
sapphire substrate and the GaN based compound semiconductor layer is then 
grown on the buffer layer, indium contained in the buffer layer is diffused into a 
5 GaN based compound semiconductor layer. 

Meanwhile, in order to solve such mismatch, technologies using a 
substrate made of GaN have been proposed. However, these methods have 
a problem in that light emitting devices using the GaN substrate have not yet 
been commercialized due to difficulty in growing a GaN bulk and a high cost 
10 spent in the growth. 

[Disclosure] 
[Technical Problem] 

Accordingly, the present invention has been made in view of the above 
15 problems, and it is an object of the present invention to provide a method for 
growing a nitride semiconductor epitaxial layer wherein a nitride semiconductor 

epitaxial layer with low defects for fabricating a nitride based optical device and 

t 

electronic device of high efficiency can be grown by reducing warpage of a 
substrate due to stress. 
2 0 [Technical Solution] 

To achieve the above object, according to one aspect of the present 
invention, there is provided a method for growing a nitride semiconductor 
epitaxial layer, including the steps of growing a second nitride semiconductor 
epitaxial layer on a first nitride semiconductor epitaxial layer at a first 
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temperature, growing a third nitride semiconductor epitaxial layer on the 
second nitride semiconductor epitaxial layer at a second temperature, and 
releasing nitrogen from the second nitride semiconductor epitaxial layer by 
increasing a temperature to a third temperature higher than the second 
5 temperature. 

Furthermore, in the method for growing the nitride semiconductor 
epitaxial layer according to the present invention, the first and third nitride 
semiconductor epitaxial layers are made of a material whose equilibrium vapor 
pressure of nitrogen is lower than that of the second nitride semiconductor 

10 epitaxial layer. 

In addition, the method for growing the nitride semiconductor epitaxial 
layer according to the present invention additionally includes a step of 
separating a part including the first nitride semiconductor epitaxial layer and the 
other part including the third nitride semiconductor epitaxial layer from each 

15 other. 

According to another aspect of the present invention, there is also 
provided a method for growing a nitride semiconductor epitaxial layer, including 
a first step of growing a first nitride semiconductor epitaxial layer containing 
indium at a first temperature, a second step of growing a second nitride 
20 semiconductor epitaxial layer whose equilibrium vapor pressure of nitrogen is 
higher than that of the first nitride semiconductor epitaxial layer, on the first 
nitride semiconductor epitaxial layer at a second temperature, and a third step 
of releasing nitrogen from the first nitride semiconductor epitaxial layer by 
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increasing a temperature to a third temperature higher than the second 
temperature to convert the first nitride semiconductor epitaxial layer into a 
metal layer. 

It is preferred that a layer which is located below the first nitride 
5 semiconductor epitaxial layer may be a substrate or a nitride semiconductor 
epitaxial layer. 
[Advantageous Effects] 

According to the present invention, since stress caused by the 
mismatch between a substrate and nitride semiconductor epitaxial layers is 
10 absorbed by a metal layer, stress applied to the nitride semiconductor epitaxial 
layers is relatively reduced. Therefore, it is possible to lower the defect 
density of epitaxial layers and reduce warpage of a substrate. 

According to the present invention, after nitride semiconductor epitaxial 
layers comprising a metal layer have been grown, the metal layer may be 
15 eleminated. Therefore, a GaN based substrate for growing the nitride 
semiconductor epitaxial layers can be obtained. 

According to the present invention, warpage of a substrate is reduced 
by providing an indium-containing metal layer. Therefore, a new direction for 
fabricating a large area substrate with a diameter larger than 2 inches is 
20 presented. 



[Description of Drawings] 

Figs. 1 to 4 are cross-sectional views showing a method for growing a 
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nitride semiconductor epitaxial layer according to a first embodiment of the 
present invention; 

Fig. 5 shows a change in the equilibrium vapor pressure of nitrogen in 
the nitride semiconductor epitaxial layers depending on a temperature; 

Figs. 6 and 7 are cross-sectional views showing a method for growing 
a nitride semiconductor epitaxial layer according to a second embodiment of 
the present invention; and 

Fig. 8 is a view for explaining another embodiment of the present 
invention. 

[Mode for Invention] 

The present invention will now be described in detail in connection with 
preferred embodiments with reference to the accompanying drawings. 

Figs. 1 to 4 are cross-sectional views showing a method for growing a 
nitride semiconductor epitaxial layer according to a first embodiment of the 
present invention. Fig. 5 shows a change in the equilibrium vapor pressure of 
nitrogen in the nitride semiconductor epitaxial layers depending on a 
temperature. 

Referring to Fig. 1, a nitride semiconductor epitaxial layer 110 is grown 
on a substrate 100. The substrate 100 may be any kind of substrate such as 
a semiconductor substrate, an oxide substrate or a boride substrate. The 
substrate 100 may be a Si, SiC, GaAs or ZrB 2 substrate and preferably is an 
Al 2 0 3 substrate. However, it is to be noted that any kind of substrate can be 
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used if it is a single crystal substrate on which a nitride based semiconductor 
epitaxial layer can be grown, and thus the substrate 100 is not limited to the 
above. The nitride semiconductor epitaxial layer 110 consists of a nitride 
semiconductor containing at least one of gallium and aluminum. It is preferred 
5 that the nitride semiconductor epitaxial layer 110 is formed using AlxGa^N 
(0<x<1) and can have a thickness of 1jrau or more. In a preferred embodiment, 
the nitride semiconductor epitaxial layer 1 10 is GaN that is formed by two steps 
of growing a low-temperature buffer layer and growing a high-temperature layer 
on the low-temperature buffer layer. It is, however, to be understood that any 
io other nitride semiconductors can be grown on the substrate 100. 

Referring to Fig. 2, a nitride semiconductor epitaxial layer 120 that can 
be converted to a metal phase if the temperature is raised is grown on the 
nitride semiconductor epitaxial layer 110. The nitride semiconductor epitaxial 
layer 120 consists of a nitride semiconductor containing indium and preferably 
15 consists of InxGa-i-xN (0.5<x<1). A step of growing the nitride semiconductor 
epitaxial layer 120 can be performed at a relatively low temperature of 300 °C 
to 800 °C. Thus, after the nitride semiconductor epitaxial layer 110 consisting 
of AlxGa-i-xN (0<x<1) is grown at a growth temperature, the growth temperature 
is lowered, then the nitride semiconductor epitaxial layer 120, preferably an InN 
20 layer is grown. 

Then, in a state where the nitride semiconductor epitaxial layer 120 is 
kept, a nitride semiconductor epitaxial layer 130 is grown on the nitride 
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semiconductor epitaxial layer 120, for example, at a temperature similar to a 
growth temperature in the step of growing the nitride semiconductor epitaxial 
layer 120, i.e., at a temperature of 300°C to 800°C in this embodiment. The 

nitride semiconductor epitaxial layer 130 is composed of a nitride 
5 semiconductor containing at least one of gallium and aluminum, preferably 
Al x Gai- x N (0<x<1) and is grown using GaN in this embodiment. Conversion of 
the nitride semiconductor epitaxial layer 120 into a metal layer is performed by 
releasing nitrogen from t he n itride semiconductor e pitaxial I ayer 120 using a 
difference in the equilibrium vapor pressure of nitrogen within the nitride 
o semiconductor epitaxial layer 120 and the nitride semiconductor epitaxial layers 
110 and 130. 

If the thickness of the nitride semiconductor epitaxial layer 120 is too 
thin, a metal layer for relieving stress cannot be formed due to interdiffusion 
with the nitride semiconductor epitaxial layers 110 and 130 at the top and 

5 bottom of the nitride semiconductor epitaxial layer 120. Meanwhile, if the 
thickness of the nitride semiconductor epitaxial layer 120 is too thick, the 
occurrence of stress and defects in the nitride semiconductor epitaxial layer 
120 can be problematic. Accordingly, it is necessary to grow the nitride 
semiconductor epitaxial layer 120 with a thickness that allows the metal layer to 

o exist during the time period when a subsequent thick nitride semiconductor 
epitaxial layer is grown. 

The nitride semiconductor epitaxial layer 1 30 serves as a seed for a 
nitride semiconductor epitaxial layer that will be formed subsequently. If the 
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nitride semiconductor epitaxial layer 130 is too thin, crystalloid can be 
degraded when the nitride semiconductor epitaxial layer 120 is converted to a 
metal phase in a subsequent process. Also, there is a possibility that the 
nitride semiconductor epitaxial layer 130 cannot serve as a seed sufficiently 
5 due to a change in the lattice constant, etc. resulting from interdiffusion with the 
metal layer. Meanwhile, if the thickness of the nitride semiconductor epitaxial 
layer 130 is too thick, a process wherein nitrogen is released from the nitride 
semiconductor epitaxial layer 120 becomes slow. Thus, there is a possibility 
that the speed of conversion to a metal layer may be slow. For this reason, 
10 the nitride semiconductor epitaxial layer 130 is grown in thickness of about 1nm 
to 100nm. 

Referring to Fig. 3, a temperature is raised so that the nitride 
semiconductor epitaxial layer 120 can be converted to a metal phase. As 
described above, nitrogen escapes only from the nitride semiconductor 

15 epitaxial layer 120 made of InxGal-xN, due to a difference in the equilibrium 
vapor pressure of nitrogen. Thus, the nitride semiconductor epitaxial layer 
120 is converted to a metal layer 120a. At this time, a temperature can be 
raised to about 900°C or more. Referring to Fig. 5, the nitride semiconductor 
epitaxial layer 120, for example, InN layer can be converted to an In metal 

20 phase due to a difference in the equilibrium vapor pressure if a temperature is 
900 °C or more. As the melting point of an In metal is about 156.6°C, the In 
metal keeps the liquid state after it is converted to the metal phase. As the 
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boiling point of the In metal is about 2074 °C, the In metal is not boiled over 
even in a subsequent growth temperature but keeps the liquid phase. On the 
other hand, the nitride semiconductor epitaxial layers 110 and 130 formed 
using GaN have the equilibrium vapor pressure of nitrogen that is lower than 
5 InN. Thus, nitrogen is not released from the nitride semiconductor epitaxial 
layers 110 and 130, which thus keep the solid phase. 

In the above, in a state where the nitride semiconductor epitaxial layer 
130 covers the entire surface of the nitride semiconductor epitaxial layer 120, 
the nitride semiconductor epitaxial layer 120 is converted to the metal layer 

10 120a. However, after the nitride semiconductor epitaxial layer 130 is 
patterned to have an appropriate shape, the nitride semiconductor epitaxial 
layer 120 can be converted to the metal layer 120a. If the nitride 
semiconductor epitaxial layer 130 is patterned to have an appropriate shape, 
some of the surface of the nitride semiconductor epitaxial layer 120 is exposed 

15 to environment of the growth chamber. It is thus possible to make the process 
of converting to the metal layer faster since discharge of nitrogen becomes 
faster. 

Referring next to Fig. 4, a nitride epitaxial layer 140 is grown on the 
nitride semiconductor epitaxial layer 130 which acts as a seed layer while 
2 0 stress generated upon growth is mitigated through the metal layer 120a. As 
the metal layer 120a that is converted from the nitride semiconductor epitaxial 
layer 120 absorbs stress, it can reduce warpage of a nitride semiconductor 
epitaxial layer that is subsequently grown at a high temperature. 
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Figs. 6 and 7 are cross-sectional views showing a method for growing 
a nitride semiconductor epitaxial layer according to a second embodiment of 
the present invention. 

Referring to Fig. 6 and Fig. 7, after the step of Fig. 4 has been 
5 performed, a carrier substrate 150 is attached on the nitride semiconductor 
epitaxial layer 140, thus securing the mechanical force. A part including the 
substrate 100 and the other part including the nitride semiconductor epitaxial 
layer 140 are separated from each other by removing the interposed metal 
layer 120a using an acid solution. In a conventional method, in order to 
10 separate the substrate, a complex process such as a separating process by 
irradiation of laser beam and/or a mechanical polishing process has been used. 
In the present invention, however, the substrate can be easily separated by 
selectively etching only the interposed metal layer in an acid solution. Also, if 
the interface between the metal layer 120a and the nitride semiconductor 
15 epitaxial layer 130 is in an atomic layer level, an additional chemical 
mechanical polishing (CMP) process is not required after the substrate has 
been separated. After separated, the other part including the nitride 
semiconductor epitaxial layer 140 can be used as a new substrate. 

Alternatively, the substrate can be separated as a free standing 
20 substrate by selectively etching only the metal layer 120a without using the 
carrier substrate 150. 

Fig. 8 is a view for explaining another embodiment of the present 
invention. The metal layer 120a is formed directly on the substrate 100, but 
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not on the nitride semiconductor epitaxial layer 110. In this embodiment, the 
metal layer 120a is formed and another nitride semiconductor epitaxial layer is 
then formed on the nitride semiconductor epitaxial layer 130 in the same 
manner as in the embodiment of Fig. 2, except that the growth of the nitride 
5 semiconductor epitaxial layer 110 is omitted. Even in this embodiment, the 
nitride semiconductor epitaxial layer 120 consists of a nitride semiconductor 
containing indium, preferably InxGal-xN (0.5<x<1), more preferably InN. The 
nitride semiconductor epitaxial layer 130 is a nitride semiconductor containing 
at least one of gallium and aluminum, preferably Al x Gai- x N (0<x<1), more 

10 preferably GaN. 

While the present invention has been described with reference to 
particular illustrative embodiments, it is not to be restricted by the embodiments. 
It is to be appreciated that those skilled in the art can change or modify the 
embodiments without departing from the scope and spirit of the present 

15 invention. 

[Industrial Applicability] 

The present invention can be applied to light emitting devices such as 
a light emitting diode and a laser diode by growing a plurality of nitride 
20 semiconductors layer including an active layer for generating light by 
recombination of electrons and holes, on the metal layer. 
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